Abstract -Impaired polymorphonuclear neutrophil leukocyte (PMN) function around parturition has been associated with increased clinical mastitis in dairy cows. Rolling and attachment of PMN to the endothelium is the first step in the recruitment process and is accomplished by interaction between L-selectin on PMN and its ligand on endothelial cells. Furthermore, tyrosine phosphorylation is involved in the initiation of many PMN functions. The objective of this work was to determine changes in expression of L-selectin and tyrosine phosphorylation in the perinatal period. Eight clinically healthy Holstein cows were used as PMN donors at d -21, -14, -7, 0 (calving), +1, +2, +7, +14, +28. Evaluation of L-selectin expression was carried out on activated and resting PMN. Anti-bovine L-selectin monoclonal antibody (MAB) and flow cytometric analysis were used to measure the percentage of PMN fluorescing and receptor expression (log mean fluorescent channel, LMFC). Activated and resting PMN showed similar trends in % PMN fluorescence and LMFC. The percentage of PMN fluorescing tended to decrease at parturition, followed by a significant increase at d +14 and +28 (P < 0.02). For LMFC a decrease was observed on d +1 followed by an increase through d +28 (P < 0.01). Protein tyrosine phosphorylation of lysates prepared from PMN isolated throughout the study was detected by electrophoresis and western blotting using anti-phosphotyrosine MAB. Several protein bands were tyrosine phosphorylated. Two of these bands (42-44 kDa and 90 kDa) varied in intensity over time. The intensity of the 42-44 kDa band gradually increased from d -7, peaked at d +7 (P < 0.03), and steadily decreased to d +28 (P < 0.02). Antibody to activated mitogen protein kinase reacted with the 42-44 kDa band. Reduced PMN function during the periparturient period L-selectin / tyrosine phosphorylation / neutrophil / mastitis / parturition Résumé -Évaluation de l'expression de la L-sélectine et de la phosphorylation de la tyrosine des protéines des neutrophiles bovins au moment de la parturition. Pendant la parturition, une fonction affaiblie des neutrophiles (PMN) a été associée à une augmentation des mammites cliniques chez les vaches laitières. Roulement et attachement des PMN à l'endothélium est le premier pas dans le processus du recrutement et est accompli par l'interaction entre la L-sélectine sur la membrane des PMN et son ligand sur les cellules de l'endothélium. En outre, dans les PMN, la phosphorylation de la tyrosine est impliquée dans l'initiation de plusieurs fonctions. L'objectif de ce travail était de détermi-ner les changements d'expression de la L-sélectine et de la phosphorylation de la tyrosine dans la pé-riode périnatale. Huit vaches de race Holstein, cliniquement saines, ont été utilisées comme donneuses de PMN aux jours -21, -14, -7, 0 (vêlage), +1, +2, +7, +14, +28. L'évaluation de l'expression de la L-sélectine a été effectuée sur des PMN activés et non activés. Des anticorps monoclonaux anti-L-sélectine bovine (MAB) et la cytométrie en flux ont été utilisés pour mesurer le pourcentage de PMN fluorescents ainsi que l'expression du récepteur (log mean fluorescence channel, LMFC). Les PMN activés et non activés ont montré des changements semblables dans le pourcentage des PMN fluorescents ainsi que dans l'expression du récepteur. Le pourcentage de PMN fluorescents a eu tendance à diminuer au moment de la parturition. Ceci a été suivi par une augmentation significative (P < 0.02) aux jours +14 et +28. Pour LMFC une baisse a été observée au jour +1. Ceci a été suivi par une augmentation jusqu'au jour +28 (P < 0.01). La phosphorylation de la tyrosine des protéines issue de lysats provenant des PMN étudiés a était détectée par électrophorèse et Western blot en utilisant l'anticorps monoclonal anti-phosphotyrosine. Plusieurs bandes de protéines correspondaient à la tyrosine phosphorylée. Deux de ces bandes (42-44 kDa et 90 kDa) variaient en intensité dans le temps. L'intensité de la bande 42-44 kDa, a augmenté progressivement à partir du jour -7, pour atteindre un maximum au jour +7 (P < 0.03), puis a diminué jusqu'au jour +28 (P < 0.02). L'anticorps contre la protéine kinase activée par un mitogène a réagi avec la bande de 42-44 kDa. La réduction de la fonction des PMN pendant la période du vêlage peut être mise en rapport avec une expression ré-duite de la L-sélectine sur la surface cellulaire ainsi qu'avec une modulation de la phosphorylation de molécules fonctionnellement importantes. phosphorylation / neutrophile / mammite / L-sélectine / tyrosine
INTRODUCTION
Diseases of economic importance in dairy cows such as mastitis and metritis, are related to parturition [5] . Studies performed around parturition have reported an impairment in bovine leukocyte functions [2, 12, 16, 21] . During infection, polymorphonuclear neutrophil leukocytes (PMN) are the first cells recruited, attracted by chemotactic agents such as cytokines released from activated endothelium and macrophages [6] . During this early recruitment process, L-selectin and β 2 -integrin adhesion receptors are responsible for rolling and attachment of PMN to the endothelium [36, 40] . Kishimoto and Rothlein [22] described the L-selectin mediated rolling of PMN on the endothelial surface as a passive event. Chemoattractants released from the endothelial surface trigger the shedding of membrane bound L-selectin and results in a firm CD18-mediated adhesion [23, 26] . Besides the well-known adhesion functions mediated by L-selectin and β 2 -integrin, the ability of these molecules to transmit signals inside PMN through specific tyrosine residues and phosphorylation of protein kinase domains has recently gained considerable attention [37, 38] . Tyrosine 272 E. Monfardini et al. phosphorylation represents a common activation pathway in PMN in response not only to binding of adhesion receptors, but also in response to chemotactic and inflammatory stimuli [13, 32] .
Because a relationship exists between increased susceptibility to intramammary infection and decreased leukocyte function around parturition [5] , further investigation into this relationship was warranted. In this research we assessed changes in L-selectin expression and protein tyrosine phosphorylation in bovine PMN around parturition.
MATERIALS AND METHODS

Animals
Eight clinically healthy Holstein cows in their last 2 weeks of gestation were selected for study. Use of animals for this investigation was approved by the Beltsville Agricultural Research Center Animal Care and Use Committees. During the study the normal feeding and housing routine of the herd was maintained. Starting at calving, weekly mammary quarter secretions were aseptically collected for diagnostic bacteriology outlined in the National Mastitis Council's handbook [30] and somatic cell counts (Fossomatic 90, Foss Food Technology, Hillerod, Denmark) [27] .
Blood sample collection
Blood samples (40 mL) were collected at 0700 h from the medial caudal vein into vacutainer tubes containing acid citrate dextrose (ACD) (33.4 g of dextrose, 19.98 g of citric acid, 33 g of sodium citrate in 100 mL of sterile double-distilled water [10 mL blood : 1 mL ACD]). Blood sampling around parturition was scheduled for d -21, -14, -7, 0 (d of calving), +1, +2, +7, +14 and +28.
Preparation of lipopolysaccharide activated-fetal bovine serum
A suspension of 1 µg/mL of Escherichia coli 0128 : B12 lipopolysaccharide (LPS, DIFCO Laboratories, Detroit, MI, USA) in 0.01 M phosphate buffered 0.85% saline solution, pH 7.4 (PBSS) was combined with an equal volume of undiluted fetal bovine serum (FBS) (JRH Sciences, Lenexa, KS, USA), incubated for 30 min at 37 o C and for 30 min at 56 o C, to prepare the crude C5a anaphylatoxin preparation [29] . The LPS-FBS was kept at -80 o C and thawed immediately before use.
L-selectin binding and expression
Whole blood (100 µL) was incubated with 10 µL of PBSS or 10 µL of LPS-FBS for 10 min at 39 o C. Blood was then incubated for 30 min at 4 o C with either 10 µL of mouse IgG 1 isotype control (Sigma Chemical Co., St Louis, MO, USA, 0.2 mg/mL) or 10 µL of anti-bovine L-selectin MAB 11G10 (ammonium sulfate purified, total protein 0.1 mg/mL) [39] . Each treatment was performed in duplicate. After incubation, cells were washed twice with 3 mL of ice cold PBSS and centrifuged (4 o C, 600 × g, 5 min). After aspiration of the supernatant, the cell pellet was resuspended in 500 µL of PBSS. The red blood cells (RBC) were lysed by adding 1 mL of sterile water for 45 s and restoring isotonicity with 500 µL of 2.7% saline. After centrifugation (4 o C, 1 300 × g, 5 min), fluorescein-labeled goat anti-mouse IgG plus IgM (heavy light chain) (Kirkegaard & Perry Inc, Gathersburg, MD, USA, 0.025 mg/mL) was added (100 µL) to the cell pellet and incubated for 45 min at 4 o C. The cells were washed twice with 2 mL of ice cold PBSS with centrifugation (4 o C, 660 × g, 5 min). One milliliter of 1% paraformaldehyde in PBSS was added to the cell pellet. Cells were kept in the dark at 4 o C until analyzed by flow cytometry (Coulter Profile, Coulter Electronics Inc., Hialeah, FL, USA).
Flow cytometry
To measure MAB binding, a flow cytometer (Coulter Profile, Coulter Electronics Inc., Hialeah, FL, USA) equipped with an air-cooled argon ion laser was used. The laser was set at 488-nm wavelength, 7.0 to 7.5 A current and 15mW power. The cytometer was aligned daily using 9.7 µm fluorospheres (Coulter Electronics Inc., Hialeah, FL, USA). The PMN were gated on the basis of light scattering properties. Green fluorescence was measured using a 525 nm band pass filter. The percentage of PMN fluorescence and log mean fluorescent channel (LMFC), which measures receptor density, were determined by measuring the green fluorescence associated with gated PMN and correcting for background (mouse IgG 1 isotype control).
Preparation of PMN cell lysate
Bovine PMN were isolated from each of the eight cows by differential centrifugation and hypotonic lysis of RBC using established procedures [8] . Total leukocyte counts were determined electronically (Multisizer, Coulter Electronics Inc., Hialeah, FL, USA). Differential cell counting was performed by microscopic evaluation of Wright-stained smears. Two hundred cells were counted on each of two slides. Viability was assessed by trypan blue dye exclusion test. On average, 95% were PMN with a viability of 98%. Cell suspensions were adjusted to 5 × 10 6 viable PMN/mL of PBSS. Blood and cells were maintained at 4 o C throughout the isolation.
For preparation of cell lysates, 500 µL of PMN suspension were aliquoted into Ependorff tubes and centrifuged at 31 000 × g for 1 min. The supernatant was discarded and the pellet was resuspended in 50 µL of PBSS. One hundred and fifty microliters of 2 × Laemmli buffer (2% sodium dodecyl sulfate [SDS], 5 mM sodium phosphate, 10% glycerol, 0.1 M dithiothreitol, 5% β-mercaptoethanol, 0.01% bromophenol blue) were added and the solution was passed twice through a syringe (once through a 20 gauge needle and once through a 27 gauge needle). The preparation was heated at 100 o C for 5 min and stored at -80 o C until analysis.
Tyrosine phosphorylation and activation of mitogen activated protein kinase
For each of the eight cows, a gel was run with PMN lysates from all the sampling times for a single cow. The order of the samples added to the gel (10 µL) corresponded to the blood sampling during the study. Cell lysates were separated on a 10% or 12% Tris-glycine gel (Invitrogen Corp, Carlsbad, CA, USA), and then transferred onto a nitrocellulose membrane. After blocking the membrane with 1% BSA in PBSS containing 0.01% Tween 20 (PBSS-T) for 1 h at room temperature with gentle rocking, the membrane was probed with either antiphosphorylated tyrosine MAB 4G10 (1 µg/mL; Upstate Biotech, Lake Placid, NY, USA), anti-mitogen activated protein kinase (MAPK) polyclonal antibody (Sigma Chemical Co., St. Louis, MO, USA) or IgG 1 isotype control MAB (Sigma Chemical Co., St. Louis, MO, USA). The membrane was washed three times with PBSS-T, and then incubated with biotin-sp (long space)-conjugated goat-anti-mouse antibody (Jackson Immuno Research Laboratories, Inc., West Grove, PA, USA). After washing, the membrane was incubated with HRP-conjugated streptavidin (1:1500, Amersham Life Sciences, Piscataway, NJ, USA). The membrane was developed with ECL Western blotting reagent (Amersham Life Sciences, Piscataway, NJ, USA).
Scanning of blots
The intensity of the bands present in the blots was determined by scanning with a Shimadzu CS-9000 dual wavelength flying-spot scanner (Shimadzu The measurement reported is the area under the curve of the peak that is proportional to the density of the band measured.
The area under the curve was expressed as "log 10 ". Because of distortion of the left lane on the blots, a reliable scan of the 21d band could not be obtained.
Statistical analysis
Residuals were examined for homogeneity using PROC MIXED in SAS (SAS Inst. Inc., Cary, NC, USA). Homogeneity of variance was examined by comparing a covariance structure with constant variance on the diagonal to a structure with heterogeneous variance. Lack of independence of residuals (i.e. correlated residuals) was examined by comparing a covariance structure with constant correlation to a structure with variable correlations. Least-squares analysis of variance was conducted to determine significance, by time of sample collection for LMFC, % cells fluorescing and band intensity in the blots. The Duncan multiple-range test was used to assess individual differences among treatment means.
RESULTS
Binding of anti-L-selectin MAB to PMN and receptor expression
For unstimulated PMN in group 1 (Fig. 1 Following parturition, receptor expression per cell decreased 34% (P < 0.05) from d -7 to d +1 then gradually increased 30% (P < 0.01) from d +1 to d +28 (Fig. 2) . Trends in% PMN binding and receptor expression of LPS-FBS stimulated PMN were not significantly different from unstimulated PMN (Figs. 1 and 2 ).
Tyrosine phosphorylation
Electrophoretic separation of unstimulated PMN lysates followed by Western blotting using anti-phosphotyrosine MAB 4G10 resulted in the appearance of 11 distinct protein bands with extrapolated kDa of 12, 17, 21, 26, 33, 42-44, 50, 60, 70, 83, and 90 (Fig. 3) . Samples collected at each time period showed variation in the intensity of the 42-44 and the 90 kDa bands. Intensity of the 42-44 kDa band increased from d -21 to d -14, decreased on d -7 through d +2, increased on d +7 then decreased to lowest on d +28. Although intensity of this band tended to decrease between d +7 and +28 (P < 0.06), a reduction was observed between samples from d +7 and +28 (P < 0.02). Intensity of the 90 kDa band was more variable and no consistent trend relative to parturition could be established.
Detection of a 42-44 kDa band using anti-MAPK antibodies
By probing identical blots as above using polyclonal antibody to human MAPK the 42-44 kDa band was tentatively identified as MAPK (Fig. 4) . The doublet bands, in this representative blot for one cow, appeared to correspond to ERK-1 and ERK-2 as suggested by probing with polyclonal antibodies against human MAPK. Control blots, which were run in the absence of primary antibody, indicated the specificity of the antibody for MAPK (data not shown). The average intensity of the bands present in the blots for the eight cows is shown (Fig. 5) . The intensity of the 42-44 kDa band gradually increased from d -7, peaked at d +7 (P < 0.03), and steadily decreased to d +28 (P < 0.02). 
DISCUSSION
Neutrophils are considered as the first line of defense against infection, and their ability to react to inflammatory stimuli is dependent on functionality and integrity of the cell. PMN migrate within minutes to the site of inflammation, and the processes of rolling, adhesion and migration are the first PMN functions involved in immune defense [33, 36] . In this study, effects of parturition on the expression of membrane bound L-selectin by resting and activated PMN, and assessment of changes in intracellular protein tyrosine phosphorylation were investigated. Results indicated a reduced expression of L-selectin around parturition when compared with weeks 2 and 4 after calving. We think that this reduction in L-selectin receptors can have a negative impact on the ability of PMN to be recruited into the mammary gland. Random migration and chemotaxis are impaired during the first week after calving [2, 28] , as are phagocytosis [16, 21, 34] and respiratory burst activity [12, 19, 21] . A recent study reported a significant drop in L-selectin expression between 9 and 24 h after calving [25] . Our results confirm and extend those findings. Other studies [7, 24] have shown that a pre-calving defect in PMN superoxide production and chemotaxis were predisposing factors to the outcome and severity of mastitis postpartum. Moreover, other authors [35] concluded that the outcome of experimentally induced E. coli mastitis during the periparturient period involved not only impaired chemotaxis, but also defects in up-regulation of CD18 adhesion receptors. The totality of these findings could contribute to the high susceptibility of intramammary infection in dairy cows during the periparturient period.
Increased plasma cortisol and estrogen around parturition [16] may also contribute to L-selectin shedding. Treatment with dexamethasone and cortisol resulted in down-regulation of membrane bound L-selectin [4] on resting and activated PMN. Burton and Kehrli [3] also observed that glucocorticoidmediated down regulation of membrane bound L-selectin and CD18 on PMN increased mammary gland susceptibility to Staphylococcus aureus following experimental challenge. Studies performed on human endothelial cells demonstrated that 17β-estradiol inhibited IL-1-mediated endothelial cell adhesion molecule transcription and resulted in diminished membrane protein expression and reduced IL-1-induced leukocyte adhesion [9] . Another factor contributing to shedding of L-selectin at parturition is the high plasma levels of cytokines (IL-1, IL-6, IFN-γ , TNF) in dairy cows during the periparturient period [14] . Kishimoto and Rothlein [22] , Lynam et al. [26] , Griffin et al. [15] , demonstrated a clear shedding of membrane bound L-selectin after PMN activation with different agents such as PMA, C5a, LTB 4 , IL-1, LPS and granulocyte-macrophage colony-stimulating factor (GM-CSF).
Cleavage of L-selectin would be intended either as a signal to switch to a β 2 -integrin dependent adhesion, or to serve as a regulatory balance in PMN adherence by this receptor to the endothelium [20] . During our study, a group of PMN were activated with LPS-FBS, which generates the chemoattractant C5a. Treatment of PMN with LPS-FBS did not affect expression of L-selectin when compared to resting PMN. In the study by Lee and Kehrli [25] , they also found no effect on L-selectin expression in PAF (platelet activating factor) stimulated bovine PMN compared to resting PMN obtained during the periparturient period. A possible explanation for the lack of additional shedding of L-selectin from PMN after incubation with LPS-FBS could be that the PMN were already activated by the high concentrations of cytokines in plasma during late pregnancy and parturition [14] . This activation would result in a rapid decrease in L-selectin expression as a result of proteolysis at the cell membrane 278 E. Monfardini et al. level [20] , rendering the PMN resistant to further shedding of L-selectin by the C5a generated by LPS-FBS.
The assessment of tyrosine phosphorylation in resting bovine PMN during the periparturient period in this study revealed many bands that reacted with antiphosphotyrosine MAB. The bands that we considered of interest were the ones corresponding to 42-44 kDa and 90 kDa. The 42-44 kDa band increased in intensity starting from d -7 to d +7 of parturition. Having found a clear cross-reactivity of this band with anti MAPK polyclonal antibody leaves us to conclude that this band corresponds to MAPK. The MAPK are a group of protein serine/threonine kinases that are involved in cell proliferation and differentiation. The MAPK family includes three subgroups; 42-44 kDa ERK1/ERK2, JNK/ SAPK, and p38 kinase. Activation of MAPK requires phosphorylation of both tyrosine and threonine residues [1] . Shedding of L-selectin from the cell surface of PMN indicates increased adhesiveness and aggregation of PMN. Activation of MAPK occurs following shedding of L-selectin [10, 37] similar to what was observed in the present study. The involvement of tyrosine phosphorylation on adherence of human PMN was demonstrated by others [11, 31] . Hidari et al. [18] also reported that the ligation of P-selectin glycoprotein ligand-1 (PSGL-1), activated ERK1/ERK2 in human PMN. Interaction between PSGL-1 and L-selectin contributes to shear-dependent PMN aggregation [17] . The increased phosphorylation indicated the activation of PMN which was consistent with our finding in this study that PMN did not shed L-selectin after treatment with LPS-FBS. The 90 kDa band that was expressed in PMN at calving still has to be verified. Nevertheless, this band is similar in MW to membrane bound epitopes that bind L-selectin in bovine PMN lysates run under reducing conditions [39] .
The results from this study indicate that around the time of parturition bovine PMN express reduced amounts of the adhesion molecule L-selectin. Reduced surface expression of L-selectin could render PMN less capable of transendothelial migration, rendering the gland more susceptible to infection. Electrophoretic separation of PMN lysates followed by Western blotting using anti-phosphotyrosine MAB resulted in the appearance of 11 distinct protein bands. Intensity of the 42-44 kDa band, tentatively identified as MAPK, decreased in intensity starting 7 days following parturition. Because MAPK are a group of protein kinases involved in cell proliferation and differentiation, their reduction could have a negative impact on neutrophil function.
